ration process at radio wavelengths is described.
In the second paper, the radio detection is used to quantify elc.ctron densities in the upflowing heated plasma in flare loops, which is then compared with independent other density measurements from soft X-rays, or the plasma frequency of electron beams originating in the acceleration region.
In the third 
ABSTRACT
We have discovered decimetric signatures of the chromospheric evaporation process. Evidence for the radio detection of chromospheric evaporation is based on the radio-inferred values of (1) the electron density, (2) the propagation speed, and (3) the timing, which are found to be in good agreement with statistical values inferred from the blueshifted Ca xIx soft X-ray line. The physical basis of our model is that free-free absorption of plasma emission is strongly modified by the steep density gradient and the large temperature increase in the upflowing flare plasma. The steplike density increase at the chromospheric evaporation front causes a local discontinuity in the plasma frequency, manifested as almost infinite drift rate in decimetric type IlI bursts. The large temperature increase of the upflowing plasma considerably reduces the local free-free opacity (due to the T-3/: dependence) and thus enhances the brightness of radio bursts emitted at the local plasma frequency near the chromospheric evaporation front, while a high-frequency cutoff is expected in the high-density regions behind the front, which can be used to infer the velocity of the upflowing plasma. From model calculations we find strong evidence that decimetric bursts with a slowly drifting high-frequency cutoff are produced by fundamental plasma emission, contrary to the widespread belief that decimetric bursts are preferentially emitted at the harmonic plasma level.
We analyzed 21 flare episodes from 1991-1993 for which broadband (100-3000 MHz) radio dynamic spectra from Phoenix, hard X-ray data from B'ATSE/CGRO, and soft X-ray data from GOES were available. We detected slowly drifting high-frequency cutoffs between 1.1 and 3.0 GHz, with drift rates of -41 _+ 32 MHz s-t extending over time intervals of 24 + 23 s. Developing a density model for type III-emitting flare loops based on the statistically observed drift rate of type III bursts by Alvarez & Haddock (1973) , we infer velocities of up to 360 km s-1 for the upflowing plasma, with an average of VCE= 236 +_ 130 km s-_ for episodes with 5-15 s duration.
The mean electron density of the upflowing plasma is n, = 5.2(_+3.1) x 101°c m-3 when it is first detected in radio, at coronal altitudes of ho = 9.2 _+ 2.3 Mm.
Subject headings. Sun: chromosphereSun:flaresSun:radio radiation
In the early phase of a solar flare, the plasma in a flare loop displays dynamic processes such as turbulent motion (with velocities exceeding 100 km s -t) and high-speed plasma upflows (with bulk velocities of 300-400 km s-l), as inferred from the line broadening and blueshift of soft X-ray (SXR) lines in Ca xlx and Fe xxv (Antonucci et al. 1982; Antonucci, Gabriel, & Dennis 1984) . The upward motion of the flare plasma in the early impulsive phase is generally referred to as "chromospheric evaporation" (Sturrock 1973) and is believed to be a consequence of local heating of the chromosphere near the footpoints of flare loops, produced either by collisions from precipitating electrons (Canfield et al. 1980) or by heat conduction (Antiochos & Sturrock 1978) . Chromospheric evaporation is considered to be the main mechanism for transporting the hot SXR-emitting flare plasma to coronal levels (Antonucci et al. 1984). Reviews on this subject can be found in Doschek et al. (1986) , Antonucci (1989) , Doschek (1990) , and Antonucci et al. (1994) .
The chromospheric evaporation process has thus far been studied chiefly in SXRs and H_. In this paper we address for the first time observational evidence at radio wavelengths. The 997 basic idea is that the local disturbance of the electron density and temperature, introduced by the upflowing chromospheric plasma, is detectable from radio bursts emitted at the local plasma frequency. Plasma emission produced by electron beams has been observed in the lower corona up to a frequency of 8.4 GHz (Benz et al. 1992) . The detection of plasma emission at such high frequencies requires overdense flux tubes, so that plasma emission can escape in a direction perpendicular to the flux-tube axis, where the density scale height is much shorter than in a homogeneous corona, and thus, free-free absorption is substantially reduced. In the event of chromospheric evaporation, we expect that the upflowing plasma surrounds overdense flux tubes and seals off escape routes for plasma emission, because the additional plasma material, if sufficiently dense, makes the escape routes optically thick owing to freefree aOsorption.
Since the evaporating plasma propagates upward with a bulk speed of _ 300 km s-_, it is expected to produce a slowly drifting high-frequency cutoff for plasma emission. This high-frequency cutoff is thought to apply to any kind of plasma emission originating in "evaporating" flare loops, e.g., to type III bursts excited by precipitating electron beams. The drift rate of this high-frequency cutoff for plasma locations in solar flares: (t) Subject headings: acceleration of particles --radiation mechanisms: nonthermal --Sun: corona --Sun: flares --Sun: X-rays, gamma rays
I. INTRODUCTION
The electron density is one of the fundamental physical parameters characterizing plasma in the solar corona. The plasma of the quiet corona is supposed to be close to thermal equilibrium, and its density thus decreases exponentially with height, at least along open magnetic field lines. Electron beams that propagate through the corona can excite plasma emission, whose frequency is mainly a function of the local electron density and, thus, conveniently traces the density structure along the trajectory. However, deviations from a hydrostatic corona are common, mainly in closed magnetic structures.
Heating processes in coronal loops may occur faster than the thermalization time and thus can lead to density scale heights that do not correspond to a thermal equilibrium, and vary with height. During the impulsive phase of flares especially, there is a large departure from equilibrium, with the energizing of the flare plasma resulting in a raising of the electron density as well as temperature.
Moreover, chromospheric evaporation is thought to drive an upflow of heated plasma into flare loops, producing steep density gradients at the upflow front. A density diagnostic therefore represents a key tool to probe the various physical processes that evolve during solar flares.
Electron densities in flares can be measured with different methods, employing (1) the plasma frequency of coherent radio emission, (2) the emission measure of soft X-ray (SXR) or X-ray/ultraviolet (XUV) emission, , Fisher 1974; Ichimoto et al. 1992) . For an extensive review of electron density measurements in flare loops, see Bray et al. (1991, pp. 229-249) . In this study we make use of the first two methods in radio and SXR wavelengths, by analyzing radio data from the Phoenix spectrometer (ETH Ziirich) and the Soft X-Ray Telescope (SXT) on board the Yohkoh 
